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CHARATIERISTICS OF METABCLISM DURING

PNXG WATER DMERSICHN

R. A. Tigranyan

Abstract: The effect cn the organism of a 12-day stay in a water
immersion medium (r.ead on the water surface) was studied on

10 subjects.

The condition of t:.: metalLolic processes in the subjects was
Judged from the inv:stigation of the parameters of protein
snd carbohydrate m- iabolism, acid-base equilibrium, the
activity of a numbcr of enzymes and steroid hormones. The
venous blood and diurnal urine served as the material for con-

ducting the correspond:ag biochemical determinations.

The stay in an immersion medium is accompanied by a significant
reduction in the ccnternt of residual nitrogen in the blood, by a
reducticn of the creatinine content in tne blood and by an increase
ot the creatine contznt of the blood with the simultaneous increase
of the excretion of ¢~ atinine and creatine with the urine, by a
significant increaze of +the glucose and lactate content in the
blood, by the development of acidosis of a respiratory and
metabclic cgaracter, ar well as by a significant ir-:rease of the
activi*y of creatine phospnokinase and the isoenzyme fraction

of lactace dehydrogenase In all the subjects, an expressed

3"
intensification of the glucocorticoid and androgenic functions

of tue adrenal cortex is noted during the experimental period,
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vhich attests te tie presence of stress.

The single direction of Lane changes noted after space flights and simalated
experiments conducte:. r earth gravity conditions offer the basis
to presuppose that certsin effects of weightlessness can be simulated

under terrestrial conditvions.

Weightlessness in turn affects hemodynamics since the orthostatic
gradient of blood pressure disappears, and this serves as the starting
mechanisa for a mmber of other processes including changes in

wmetabolisa.

The stay of men in a hc.-izontal position in water (water imers:z.on) is
a most adequate model of the redistribution of the blood a.naloéous to
that expected under conuaitions of weightlessness. During the stay

of a person 1n water, tne weight of the blood become equal to the
weight of the displaced fluid, therefore, the blood does not accumilate

in the lower parts of thne body due to the forced gravity.

It should be noted that water immersion is considered a stricter model
of weightlessness in comparison with hypokinesia for the reason that

in a horizontal position in a bed, even though the orthostatic gradient
is eliminated and the bicod does not accumulate in the lower extremities,

some quantity of plood can be deposited in the lower soft tissues.

The study of certain aspects of metabolism during the stay of a person
in awater immersion medium has been conducted by a number of
authors (1-5), however the length of the stay in the immersion medium

did not exceed six days.
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We conducted a study of the characteristics of metavolism during a

long (12 days) stay in ~n immersion medium.

Study of the effect of 4 12-day stay in a water immersion medium
(head on the water surfrce) on the organism was conducted on 10
subjects. All the sub jects were subjected to acceleration in the
"bead - pelvic” direction with a 3 g value for S5 minutes immediately
before and after the stay in the water immersica; five subjects were
subjected to accelerations of 0.75 - 1.5 g for 1 - 1.5 hours daily

during the last six day- of immersion.

The condition of the meisbolic processes in the subjects was Juéged
from the investigation ~f a number of parameters of protein metabolism
(total protein, albumin, globulins, A/G coefficient, residual nitro-
gen, urea, uric acid, creatine, creatinine, thymol test), carbohydrate
metabolism (glucose, lactic acid, pyruvic acid), acid-base equilibrim
(pH, pOs, pC0,, BZ, SB, AB, total CCp), activity of a numbder of enzymes
(aldolase, basic phosphatase, creatine pnosphnoxirase, élutamate-oxalate-
transaminase, glutamate pyruvate-transaminase, lactate dehydrogenase
and its isoenzymes) and the activity of the stercid normones (1l-hydro-
xycortico-sterolds, 17-nydroxycorticosteroids, 17-kelosteroids,

dehydroepiandrosterone).

The investigations were conducted vefore, durlis ani 2fter the pericd
of water immersion accrrding the fdllowing scheme: background examination,
examination before and nfter accelerations izmeilately before piacement

in the immersion medium, iater on the Lth, 6th, 10tk and 12th day of
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the stay in the immers +edivm, before and after accelerations at
once after coming out « mmersion and on the 2-3rd, 7-8th and 11-12th

days of the post-experim-ntal period.

Venous blood and diurnai urine served as the material for conducting
the corresponding biochcmical determinations; the parameters of the

avid-base equilibriumwere determined from blood taken from a finger.

The experiments conducted yielded the following results:

Protein Metabolism. We were not able to observe substantial

changes in the content of the total protein of the blood in all the
subjects both in the course of the stay in the immersion medium as
well as in the period of the after-effects; the variations noted were
multidirectional, insignificantly expresc=d and did not exceed the
limits of the physiological norm. As far as the albumin and globulins
content as well as the A/G coefficienc value are concerned, in 8
subjects there were not observed substantial changes in the value of
the indicated indiceseitia in the experiment itself or in the
post-experimental period, while in 2 subjects on the 10th and 12th day
of the stay in the immersion medium there was noted a sharp reduction
of the albumin content snd an increase in the globulins contents as well
as a significant reduction of tre A/G coefficient value, while the
indicated changes exceedesd the limits of the generally accepted norm;
it is interesting to ncte that t:in subjects were found in the group
which was subjected to daily = ::elerations ia the last 6 days of

immersion.
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The stay in the water izmersion medium is accompanied by a significant
increase in the content of residual nitrcgen in the blood up to a
level exceeding the upr<r boundary of the norm, and this increase

1s maintained even in ine after-effects period (Figure 1); the

observed changes were noted in 8 subjects.

Both in experiment itse.f and in the after-effects period, inm all
subjects, there were not observed substantial changes in the urea
content of the blood; tie variations noted were insignificant and
multi-directional. At the same time, in 5 subjects a considerable
increase of the urea excretion with urine was noted, up to a value
exceeding the limits of the generally accepted norm, both in the stay

in the immersion medium ss well as in the post-experimental period.

The long vater immersion leads to an increase exceeding the normal
values of the uric acid content in the blood in 5 subjects; the noted
increase is maintained even in the post-experimental period. As far
as the uric acid excretion with urine is concerned, its values in
all subjects both in the experiment itself as well as in the post-
effects period undergo insignificant changes, varying within the

limits of the nomm.

The stay of the sub,jet.;ts in the immersion medium is accompanied by
a certain reduction in tne ereatinine content of the blood, nct

exceeding, however, the norm limits, in all subjects; in the post-
effects period the creatinine content of the blood returned to the

initial level. At the same time, water immersion is accompanied by an
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increase in the creatin:ne excretion with the urine exceeding the
limits of normal variations, in all subjects, although a normalization
of creatinine removal is the urine is noted in the post-experimental

period (Pigure 2).

As far as the creatine content in the blood and its excretiamn with
urine are concerned, in 8 subjects, the stay in the immersion medium
is accompanied by an increase in the indicated indices up to alevel
exceeding the upper boiuhdaries of the physiological norm and by a

return to the initial level in the post-effects period (Figure 2).

In the all the subjects both in the stay in immersion as well as in
the post-experimental peiiod, there were not observed substantial
changes in the value of ihe thymol test; the available variations

were insignificant and wultidirectional.

Carbohydrate Metsbolism. The stay in the immersion medium is

accompanied by a significant increase in the glucose content of the
blood (exceeding the limits of normal vaiues) at the 10th and 12th

days of the immersion of 5 subjects; in the remaining periods of the
experiment as well as in the other subjects in the course of the entire
experimental period as well in all subjects in the post-experimental
reriod, multi-directional variation in the glucose content of the blood,

not exceeding, however, the limits of normal values are observed

(Pigure 3).

Immersion is accompanied by a signficant increase in the lactic acid

content of the blood up to a level exceeding the upper boundary of the
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norm, in 5 subjects; in the post-effects period the lactic acid
content of the blood in ihese subjects returned to the ini tial

level (Figure 3).

As far as the pyruvic acid content of the blood is concerned, in all
the subjects both during the water immersion period as well as in
post-experimental period, smultidirectional variations within the

limits of the generally accepted norm are noted.

Acid-Base Equilibrium. The stay in the immersion medium is

accompanied b_y_ the development of acidosis of a respiratory and
metabolic c@cter in 411 subjects. In the posteffects period,

all the suvbjects maintained respiratory acidosis; a return to the
norm of the indices of the acid-base equilibrium of the blood is noted

only on the 11-12th day of the post-experimental period.

Enzymes. The indicators of the activity of aldolase and basic
phosphotase varied miltidirectionally in all subjects during the
experimental and post-experimental periods; the variations noted

thusly were insignificant and werefound in the limits of the norm.

The stay in the immersion medium was accompanied by an increase of
the a.'_.vity of the glutamate pyruvate-transaminase and by a decrease
of the activity of glutamate oxalate-transaminase; the indicated
changes were insignificant, not exceeding the limits of the generally

accepted norm and returned to the initial level in the post-experimental

period.
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As far as the activity of creatine phosphokinase is concerned, there
were no substantial cha..,es in the activity cf the enzyme both in

the experiment and in tne aftereffects period in 6 subjects; at the

same time, a significant increase of activity of creatine phospuokinase
is noted in 4 subjects in the experimental period, which became

sharply expressed on the 10th and 12th days of immersion, reaching a
level of the upper boundaries of the norm which, in our opinion, can
attest to the presence o possible atrophic changes in the skeletal

musculature (Figure 4)..

Insignificant variations of the total activity of lactate dehydrogenase
(IDH), not exceeding the limits of the generally accepted norm, were
noted in all subjects buth in the experiment and in the post-experimental
period. The investigation of the activity of the IDH iscenzymes did

not reveal substantial changes in all periods of the investigations

with the exception of the presence of an increase (exceedihg normal
limits) of EDHB activity in 6 subjects both during the immersicn stay

and in posteffects pericd (Figure U4); these changes attest to the
presence of a possible reaction from the direction of the endocrine

systeu.

Hormones. The investigation of the excretion of total 17-ketosteroids
(17-KS) and dehydroepiandrosterone (DHA) indicated that the stay
in the immersion medium i{s accompanied by multidirectional variations

s e . P .. . LI U, P R iy S e ey
UTeEY eseretion, nov oexeeeding, wowsv.o, Sie Llaolts of the feuversll

actepiled norm and by 3 oignificant incresse in tie levelcf DHA excretion
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(2-3 times exceeding the upper boundary of the norm) in all subjects,
which evidently is a response to stress; in the post-experimental
period, a tendency to a normalization of the DHA excretion level and
the return to initial values on the 11-12th day of the posteffects

are noted (Figure 5).

Study of the secretion of ll-hydroxycorticosteroids (11-HCS) did not
reveal substantiai changes in all subjects either in the experimental
process or in the post-experimental period; the existing variations
were insignificant and ¢id not exceed normal limits. As far as the
excretion of 11-HCS is concerned, its increase in all subjeets up to
the level of the upper boundaries of the norm or even somewhat higher
was noted in the experiwc-ntal period; a tendency to normalization is

clearly observed in the post-effects period.

The stay in the immersion medium is accompanied by a significant increase
in the level of excretion of 1T7-hydroxycorticosteroids (17-HCS) in

all subjects; the significant increase (beyond normal limits) of the
total 17-HCS fractions as well as those bound with beta-glucururic

acid with the simultaneous decrease of the free form of 17-HCS attest

to this; the indicated changes do not reach the level of normal values

even at the end of the post-experimental period (Figure 6).

The obtained data attest that in all subjects in the course of the :tay
in the immersion medium un expressed intensification of vae glucocorticoid
and androgenic functions of the adrenal cortex is noted, which attests

to the presence of stress.
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Legends for the Figures

Figure 1. Content of the residual nitrogen in the blood (mg%).
Figure 2. Content of creatinine and creatine in the blood (mg% and
in the urine (mg/2h).
Figure 3. Content of glucese and lactate in the blood (mgh).
Figure U. Activity of creatine phosphokinagelin units) and LDH3 (in %)
in the bleod. -
Figure 5. Excretion of déhydroepiandrosterone with the urine'(DHA it. mg/2h).
Figure 6. Excretion of 17-hydroxycorticosteroids with the urine (total «

in mg/2h, free =nd bound with beta-glucuronic acid, in %).
Rote. The designations on the figures:
1 - background

2 - immersion
3 - post-experimental period.
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